ABSTRACT We set out no. 17 Trinidad traps baited with hamsters at a swamp in Tennessee, where recent eastern equine encephalomyelitis (EEE) equine outbreaks had occurred, to determine which mosquito species at this site were attracted to these traps. We also set out CO 2 -baited CDC light traps for comparison. Of 11 species present in CO 2 -baited CDC light traps, only Culex (Melanoconion) erraticus (Dyar and Knab) blood fed on hamsters in the Trinidad traps. SigniÞcantly less Cx. erraticus mosquitoes entered Trinidad traps per trap night (mean ϭ 17.6, median ϭ 6.0) compared with CDC traps (mean ϭ 38.7, median ϭ 35.0). Advantages and disadvantages in using hamster-baited no. 17 Trinidad traps compared with CO 2 -baited CDC light traps to capture Cx. erraticus mosquitoes are discussed. Further understanding of the feeding behavior and ecology of this potential vector is warranted.
Eastern equine encephalomyelitis (EEE) in North
America is a serious disease of human and equines, with mortality rates of 50 Ð90 and 80 Ð90%, respectively (Weaver 2001) . In late September 2005, an equine EEE outbreak occurred in Chester and Henderson Counties, Tennessee. During the summer of 2006, 13,955 mosquitoes were collected at this outbreak site for arboviral testing. Culex (Melanoconion) erraticus (Dyar and Knab) (36%) was the most abundant species identiÞed, followed by Culex pipiens L./Culex restuans Theobald (14%), Coquillettidia perturbans (Walker) (15%), and Anopheles quadrimaculatus Say (11%). Culiseta melanura (Coquillett) comprised 0.7% of the population. Subsequent testing for EEE virus (EEEV) did not detect any positive mosquito pools (Mukherjee et al., unpublished data) . In 2008, another large EEE equine outbreak occurred in Carroll County, adjacent to Henderson County. Investigation of the 2008 outbreak showed a similar mosquito species composition and no virus in mosquito pools, suggesting low infection rates during these outbreaks.
In the traditional EEEV cycle in North America, the virus is maintained among passerine birds by ornithophillic mosquitoes, primarily Cs. melanura along wetland habitats along the Atantic and Gulf coasts. Since the 1980s, EEEV has emerged in inland wetlands in the southeastern United States in Tennessee, Mississippi, and Alabama (CDC 2008) . Low levels of Cs. melanura are present in these inland sites. A species emerging as a potentially important vector in the southeast is Culex (Melanoconion) erraticus. This species is presumed to be a less efÞcient vector than Cs. melanura (Chamberlain et al. 1954) . Field isolates of EEEV in Cx. erraticus are less frequent than in Cs. melanura (Cupp et al. 2003 (Cupp et al. , 2004 .
In Latin America, most EEEV isolations have been from Culex mosquitoes of the subgenus Melanoconion (Weaver 2001) . Small mammals and birds probably serve as reservoir hosts (Weaver 2001) . Additionally, Venezuelan equine encephalitis virus (VEEV), a cousin of EEEV, circulates in Latin America in rodents such as cotton rats and spiny rats (Carrara et al. 2005) and is also transmitted by Cx. (Melanoconion) species (Weaver et al. 2004) . Our study tests the hypothesis that Cx. erraticus, also in the Melanoconion subgenus, may be attracted to hamster-baited Trinidad traps, as are other members of this subgenus, indicating a potential for feeding on rodents and small mammals.
The no. 17 Trinidad trap (TT-17) is an animal-baited trap that was developed to collect mosquitoes attracted to rodents (Davies 1971) . In northern Venezuela, Culex (Melanoconion) spp. can represent up to 98.4 and 89% of mosquito species captured in these traps during dry and wet seasons, respectively (A.C.M., unpublished data). This sampling bias can be an advantage for surveillance and epidemiological studies. The TT-17 has been used for (1) mosquito sampling (Worth and Jonkers 1962) , (2) virus isolation (Aitken et al. 1968) , and (3) vector incrimination (Ferro et al. 2003) .
Materials and Methods
Study Area. Our study site in western Tennessee (35Њ36.144Ј N, 88Њ33.603Ј W) was the site of an EEE outbreak in 2005 involving at least eight horses. This site is an early successional bottomland hardwood forest and emergent marsh heavily impacted by beaver activities. A dense shrub and herbaceous community primarily dominated the site. A few Acer rubrum, Fraxinus profunda, F. pennsylvanica, and Quercus michauxii remained widely scattered in the overstory of the emergent marsh. The forest communities adjacent to the emergent marsh consisted of A. rubrum, Fraxinus sp. (profunda/pensylvanica), Q. michauxii, and a few Platanus occidentalis.
Vaccination of Hamsters. The hamsters used in the Trinidad traps were vaccinated using an experimental chimeric SINV/SAEEE vaccine developed at the University of Texas Medical Branch. Hamsters were injected with Ͼ4 log 10 PFU of the vaccine to protect them from potential morbidity or mortality from EEEV exposure during the summer and Þeld personnel handling these hamsters from potential viral shedding.
Trinidad Traps Versus CDC Light Traps. Three Trinidad traps baited with vaccinated Syrian golden female hamsters (Fig. 1) and three CDC light traps baited with CO 2 were placed overnight at three different locations within the study site once a week from 17 July to 24 September 2007. At each of the three sections of the swamp forest, a Trinidad trap and a CDC light trap were place 50 Ð100 ft away from each other and exchanged at Þxed sites to account for spatial bias. Traps were placed Ϸ1.2 m above the ground. Mosquitoes were mechanically aspirated in the morning and taken to the Tennessee Vector-Borne Diseases Laboratory where they were identiÞed to species. Data Analysis. A mixed effect regression model was used to detect the difference between the number of Cx. erraticus females captured by Trinidad traps and by CDC traps, for all three locations, from 17 July to 24 September 2007. The mixed effect model had two Þxed effects, trap and time (measured in weeks), and one random intercept effect for location. This allowed the counts from the same location to be correlated, as well as the counts from the same trapping method. R-software version 2.7.1 (www.r-project.org) was used for the above analyses. P Ͻ 0.05 was considered statistically signiÞcant. Results CO 2 -baited CDC light traps captured a much greater diversity of mosquito species. Throughout the summer, there were 11 different mosquito species captured by CDC light traps, whereas Cx. erraticus was the only mosquito that entered the Trinidad traps and took a bloodmeal from hamsters. All hamsters used during this study survived. Four hundred seventyseven Cx. erraticus females were captured and 58.3% blood fed. Only two Cx. pipiens/restuans, one Cq. perturbans, and one Aedes albopictus (Skuse) female were found in these traps during the summer, none of which blood fed.
The majority of the mosquitoes captured throughout the summer in CDC light traps were Cx. erraticus (mean ϭ 38.7 mosquitoes per trap-night) followed by Cq. perturbans (21.6), Cx. pipiens/restuans (14.6), Anopheles quadrimaculatus (3.1), Anopheles crucians Weidemann (2.1), Aedes vexans (Meigen) (1.6), Anopheles punctipennis (Say) (0.9), Uranotaenia sapphirina (Osten Sacken) (0.9), Ae. albopictus (0.6), Psorphora ferox (von Humbolt) (0.4), and Ochlerotatus triseriatus (Say) (0.1).
Overall, Trinidad traps captured less Cx. erraticus female mosquitoes (mean ϭ 17.6, median ϭ 6.0) than CDC traps did (mean ϭ 38.7, median ϭ 35.0) per week per location. The mixed effect model detected this difference to be signiÞcant (P Ͻ 0.0001) after adjusting for time (Þxed effect) and location (random intercept effect). The model estimated that a Trinidad trap could capture 25%, with a 95% conÞdence interval (CI) of 13Ϸ46%, as many Cx. erraticus mosquitoes as a CDC trap could capture. Also, from mid-July to mid-September, the number of Cx. erraticus mosquitoes captured decreased at a rate of 13% (95% CI: 4Ϸ22%) per week (P ϭ 0.01).
Discussion
Culex (Melanoconion) spp. Mosquitoes. Culex (Melanoconion) erraticus mosquitoes may be important vectors of EEEV in Tennessee and other inland sites in the southeastern United States for a variety of reasons. (1) They are present in high abundance at inland EEEV epizootic sites in states such as Alabama, Mississippi, and Tennessee (Cupp et al. 2003 (Cupp et al. , 2004 Mukherjee et al., unpublished data) . (2) EEEV has been isolated from Cx. erraticus in these inland sites (Cupp et al. 2003 (Cupp et al. , 2004 . It is, in fact, the only mosquito species from which EEEV has been identiÞed in Tennessee (Gottfried et al., unpublished data) . (3) Cx. erraticus is thought to be a competent vector for EEEV (Chamberlain et al. 1954) .
Small Mammals. In Latin America, small mammals serve as reservoirs of VEEV and possibly EEEV. The attraction of Cx. erraticus to hamster-baited TT-17 is interesting because hamsters serve as indicators of potential attraction to native rodents and (1) North American cotton rats (Sigmodon hispidus) infected with NA EEEV (strain FL93Ð939) develop viremias capable of infecting some mosquito vectors (N. C.
Arrigo, personal communication); (2) in Florida, neutralizing antibodies to EEEV have been detected in 13.3% of cotton rats, 28.5% of opossums, and 38% of mice (Day and Stark 1996) ; and (3) 7% of the Cx. erraticus bloodmeals have come from cotton rats and other small mammals at the same wetland site in Tennessee described in this study (Cohen et al. 2009 ). This is the Þrst study in North America, north of Mexico, that used hamster-baited Trinidad traps to capture potential mosquito vectors at an EEEV epizootic swamp. Small mammals are beginning to be recognized as potential hosts for arboviruses (e.g., West Nile virus) that traditionally are thought to be maintained exclusively in avian hosts (Platt et al. 2007 ). Additional Þeld studies should be conducted using native small mammals as bait in Trinidad traps.
Rodent-Baited Trinidad Traps Versus CO 2 -Baited CDC Light Traps. Although CDC light traps appeared to capture more Cx. erraticus populations, Trinidad traps served as a way of Þltering other mosquitoes in the forest and capture almost exclusively Cx. erraticus mosquitoes. We recommend that CDC light traps be used initially to determine the abundance of Cx. (Melanoconion) erraticus before using Trinidad traps to determine the potential efÞcacy that Trinidad traps may have in new locations. The advantages of Trinidad traps in collecting Cx. erraticus are that (1) they capture this species almost exclusively, reducing the time needed for identiÞcation, and (2) they provide investigators with mosquitoes that are blood fed for additional experiments or colonization attempts. Disadvantages of the TT-17 trap are the use of hamsters and the passive trap design that relies on mosquito behavior to enter and remain in the trap until collection.
